Infection of open tibial fractures with contamination remains a challenge for orthopedic surgeons. Local use of antibiotic-impregnated polymethylmethacrylate (PMMA) beads and blocks is a widely used procedure to reduce the risk of infection. However, the development of antibiotic-resistant organisms make the management of infection more difficult. Our in vitro study demonstrated that quaternized chitosan (hydroxypropyltrimethyl ammonium chloride chitosan [HACC])-loaded PMMA bone cement exhibits strong antibacterial activity toward antibiotic-resistant bacteria. Therefore, the present study aimed to investigate the in vivo antibacterial activity of quaternized chitosan-loaded PMMA. Twenty-four adult female New Zealand White rabbits were used in this study. The right proximal tibial metaphyseal cavity was prepared, 10 7 CFU of methicillin-resistant Staphylococcus epidermidis was inoculated, and PMMA-only, gentamicin-loaded PMMA (PMMA-G), chitosan-loaded PMMA (PMMA-C), or HACC-loaded PMMA (PMMA-H) bone cement cylinders were inserted. During the follow-up period, the infections were evaluated using X rays on days 21 and 42 and histopathological and microbiological analyses on day 42 after surgery. Radiographic indications of bone infections, including bone lysis, periosteal reactions, cyst formation, and sequestral bone formation, were evident in the PMMA, PMMA-G, and PMMA-C groups but not in the PMMA-H group. The radiographic scores and gross bone pathological and histopathological scores were significantly lower in the PMMA-H group than in the PMMA, PMMA-G, and PMMA-C groups (P < 0.05). Explant cultures also indicated significantly less bacterial growth in the PMMA-H group than in the PMMA, PMMA-G, and PMMA-C groups (P < 0.01). We concluded that PMMA-H bone cement can inhibit the development of bone infections in this animal model inoculated with antibiotic-resistant bacteria, thereby demonstrating its potential application for treatment of local infections in open fractures.
I nfection of open fractures, which occurs in approximately 24%
of open fractures without antibiotic prophylaxis, is a serious complication that can lead to significant morbidity, bone nonunion, and even amputation. Tibiae are more prone to infection than other long bones due to the subcutaneous extent of the shaft, which leads to greater soft tissue stripping and disruption of the vascular supply. In addition, the high-energy injuries that cause tibial fractures also lead to severe contamination of the bone and soft tissue, greatly increasing the risk of infection (1) . Infection rates for open tibial fractures are associated with the severity of injury. According to the Gustilo classification, infection rates range from 0 to 2% for type I fractures, from 2% to 10% for type II fractures, and from 10% to 50% for type III fractures (1, 2) . Thus, infection related to open tibial fractures remains a challenge for orthopedic surgeons.
To reduce the incidence of infection while managing severe open tibial fractures, local antibiotic-impregnated delivery systems are commonly used as a promising and effective approach to deliver high antibiotic concentrations at the infection site (3, 4) . Among the vehicles used clinically for local drug delivery, polymethylmethacrylate (PMMA) bone cements, which are molded into beads or block spacers, remain the standard vehicles for loading antibiotics (4) . Aminoglycosides such as gentamicin and tobramycin are the antibiotics most commonly chosen, due to their broad spectra and heat stability (3) .
One study of 1,085 open fractures showed an infection rate of 3.7% for fractures treated with antibiotic-impregnated PMMA beads and systemic antibiotic therapy, compared with a 12% infection rate for fractures managed with systemic antibiotic therapy alone (5) . Another study showed an obviously lower rate of deep infections in the group treated for open tibial fractures with a bead pouch and delayed primary closure than in the group treated with only delayed wound closure (6) . Local antibioticimpregnated PMMA spacers have also been used successfully in the management of open tibial fractures with large segmental bone loss. Masquelet et al. (7) used a two-stage protocol in which antibiotic-impregnated PMMA cement block spacers were inserted into segmental defects to maintain length and to induce a pseudosynovial membrane, providing a contained space for future cancellous bone grafting. Antibiotic-impregnated PMMA beads and blocks are useful options for the treatment of severely contaminated open tibial fractures. However, widespread use of antibiotics and prolonged implantation with elution of subtherapeutic levels of antibiotic over long periods may lead to the development of antibiotic-resistant organisms (3) . In vitro studies suggest that up to 8% of the antibiotic in PMMA bone cement is quickly released after surgery, and the low-dose release thereafter may not be effective in fighting infection and may contribute to the problem of antibiotic resistance (8, 9) . Gentamicin-resistant Staphylococcus and vancomycin-resistant Staphylococcus aureus have been increasingly detected (10) (11) (12) , making the management of infections more difficult. In these cases, the antibiotics in the bone cement have lost their protective effects; therefore, new antimicrobial agents have needed to be investigated constantly in recent years (13) .
Chitosan, a naturally biodegradable nontoxic biopolymer, possesses intrinsic activity against a broad spectrum of bacteria, filamentous fungi, and yeasts (14) (15) (16) . To improve the antibacterial activity and solubility of chitosan, quaternary ammonium chitosan derivatives have been synthesized, and their antibacterial activities have demonstrated significant increases with increasing alkyl substituent chain length (17) (18) (19) (20) (21) . We synthesized a new quaternized chitosan derivative (hydroxypropyltrimethyl ammonium chloride chitosan [HACC] ) that contains a series of quaternary ammonium substitutions, and we found that the antibacterial activities of HACC were enhanced as the quaternary ammonium degree of substitution (DS) increased (18) (19) (20) . In vitro studies demonstrated that HACC-loaded PMMA (PMMA-H) bone cement exhibited strong antibacterial activity and good biocompatibility with osteogenic cells (20, 21) . The present study aimed to further investigate the effects of quaternized chitosan-loaded PMMA in infection inhibition in a rabbit model with clinical isolates of methicillin-resistant Staphylococcus epidermidis (MRSE) inoculated in the right tibial metaphysis.
MATERIALS AND METHODS
Preparation of bone cements. The bone cements were prepared as in previous studies (20) (21) (22) . Chitosan or 26% HACC powder (10 g) was added to PMMA polymer powder (40 g) (yielding chitosan-loaded PMMA [PMMA-C] and PMMA-H, respectively), and the components were uniformly mixed at 1,500 rpm for 5 min using a small-scale blender (Speed Mixer model DJ1C; JinTan Technology, Ltd., Jiangsu, China). The cements were prepared by manually combining the powder mixture with the liquid monomer in a bowl until the powder was completely wet. For the in vivo study, the mixture was poured into a 4-mm-diameter syringe, and the cements were made into a 1.5-cm-high cylinder with a 4-mm diameter. Plain bone cement (PMMA) and gentamicin-loaded PMMA (PMMA-G) (1 g gentamicin per 40 g PMMA powder) were prepared according to the aforementioned procedure. All cement cylinders were sterilized with 25 kGy of 60 Co irradiation prior to use. Preparation of bacteria. MRSE 287 was isolated from a patient at our hospital (Shanghai Ninth People's Hospital, Shanghai, China) with an orthopedic implant-related infection. MRSE 287 exhibits significant resistance to gentamicin (MIC, 256 g/ml) and penicillin (MIC, 128 g/ ml). The MIC of HACC with 26% DS against MRSE 287 was previously reported to be 64 g/ml (20) . From an overnight culture of bacteria in 10 ml tryptic soy broth (TSB), 100-l portions were transferred into sterile tubes containing 10 ml TSB. These tubes were then incubated for 6 h at 37°C to obtain log-phase growth. After incubation, the tubes were centrifuged for 10 min at 3,000 rpm, the supernatant was decanted, and the remaining pellet was washed twice with phosphate-buffered saline (PBS). The bacterial sediment was resuspended in PBS, and the concentration was adjusted to 1 ϫ 10 8 CFU/ml with TSB, according to the McFarland method. For the in vivo studies, a 1-ml bacterial suspension (1 ϫ 10 8 CFU/ml) was prepared.
Operative procedures. All experiments were approved by the local animal welfare committee. Twenty-four adult female New Zealand White rabbits (2.46 Ϯ 0.23 kg) were used. Surgery was performed under general anesthesia via weight-adapted intramuscular injection of 2% xylazine (12 mg/kg body weight) and ketamine (80 mg/kg body weight). During surgery, the animals were placed in a supine position on sterile drapes, and their bodies were covered with sterile sheets. The right hind limb of each animal was shaved, and the skin was cleaned with Betadine. The tibial tubercle was palpated and identified. An incision over 10 mm in length was made in the skin and fascia at the proximal tibial metaphysis. With a hand-driven titanium burr, a 1-mm hole was drilled through the cortical and cancellous bone to access the medullary cavity at the proximal metaphysis. The medullary cavity was then bluntly reamed with a steel Kirschner wire (4-mm diameter). After removal, 100 l of Tris-buffered saline (TBS) containing 10 7 CFU MRSE 287 was injected into the medullary cavity. This inoculation dose was selected based on the results of a pilot animal study in which a dose of 10 7 CFU resulted in reliable infection (23) . Next, a cylinder of bone cement was inserted, and the skin was carefully sutured layer by layer. No systemic antibiotic treatment was used postsurgery, and the animals were kept in separate cages. The animals were sacrificed after 6 weeks, and their tibiae were harvested under sterile conditions by removing the PMMA bone cement and cutting the tibiae sagittally. The lateral and medial halves were used for microbiological and histological evaluations, respectively. The following groups were investigated in this study: PMMA, PMMA-G, PMMA-C, and PMMA-H. Each group included 6 animals.
Clinical assessment. All animals were monitored on the day of surgery and 1, 3, 5, 7, 14, 28, 35, and 42 days after surgery. The recorded parameters included body weight and temperature, and blood samples were obtained (24) (25) (26) . The body temperature was measured using a digital infrared thermometer (TERUMO, Zhejiang, China), the weight was determined on a precision scale (TCS, Shanghai, China), and blood samples were obtained from the ear vein to determine white blood cell (WBC) counts. Local clinical signs of infection included swelling and reddening of the right hind limb and loss of passive motion in the knee joint.
Radiographic evaluation. Lateral-view radiographs were obtained on days 21 and 42 after surgery. The radiographic appearances were evaluated according to a modified scoring system (27) , as follows: 1, periosteal reaction; 2, osteolysis; 3, soft tissue swelling; 4, deformity; 5, general impression; 6, spontaneous fracture; 7, sequestrum formation. Parameters 1 to 5 were scored as follows: 0, absent; 1, mild; 2, moderate; 3, severe. Parameters 6 and 7 were recorded as 0 (absent) or 1 (present).
Evaluation of gross bone pathology. The animals were sacrificed after 42 days, their tibiae were harvested, and the PMMA bone cement cylinders were removed. Tibiae from each group were then cut sagittally, and the lateral halves were used for gross pathology evaluation (and then the same halves were used for microbiological evaluation). The gross bone pathology scores were determined using the following grading system (28): 0, absence of abscess, sequestra, active bone formation, and erythema; 1, minimal erythema without abscess, sequestra, or evidence of new bone formation; 2, erythema accompanied by widening of the shaft and new bone formation in the bone shaft; 3, abscess with new bone formation, periosteal reaction, sinus tract drainage, or grossly purulent exudate; 4, severe bone resorption, abscess, and diaphyseal or total tibial involvement.
Microbiological evaluation. On the day of sacrifice, the bone cements were explanted, rolled over tryptone soy agar (TSA), and then placed in a 50-ml sterile centrifuge tube containing 10 ml sterile TSB (23) (24) (25) . The agar plates and TSB were incubated at 37°C for 24 h, after which the CFU on the agar plates were recorded and the bacterial growth in the tryptic soy broth was calculated using serial 10-fold dilutions. From each group, six lateral tibia halves were weighed, chilled with liquid nitrogen, crushed into fragments, and pulverized in a sterile bone mill. The bone powder was homogeneously agitated in 6 ml sterile PBS for 2 min through vortex mixing (Vortex Genie 2; Scientific Industries, Bohemia, NY). The suspension was centrifuged for 10 s at 10,000 rpm, and 100 l of the supernatant was extracted, serially diluted 10-fold, plated in triplicate on TSA, and incubated at 37°C for 24 h. The CFU on the TSA were counted, and the bacteria level in the bone fragment was determined and expressed relative to the sample weight (CFU/g bone) (24, 25) .
Bone histopathology. For histopathology, six medial tibia halves from each group were fixed in 4% buffered formaldehyde for 1 day and decalcified in EDTA for 4 weeks. The decalcified bone samples were embedded in paraffin, and 5-m longitudinal sections were cut using a microtome Typical signs include osteolytic lesions (asterisks), periosteal new bone formation (arrowheads), and sequestral bone formation (arrows).
(CUT 6062; SLEE Medical, Mainz, Germany). The slides were stained with hematoxylin and eosin for light microscopy. Infections were assessed according to the scoring system described by Smeltzer et al. (29) , which included measurements of intraosseous acute inflammation (IAI), intraosseous chronic inflammation (ICI), periosteal inflammation (PI), and bone necrosis (BN).
Statistical analysis. The data were expressed as means Ϯ standard deviations. Differences in body weights, temperatures, WBC counts, and radiographic and histological scores between groups were assessed using one-way analysis of variance (ANOVA) followed by a post hoc Tukey's test for multiple comparisons. Nonparametric tests for independent samples (the Mann-Whitney test) were performed for comparison of the gross bone pathology scores and CFU from microbiological evaluations among groups. P values of Ͻ0.05 were considered significant. Statistical calculations were performed using SPSS 11.0 software (SPSS, Chicago, IL).
RESULTS
Clinical assessment. Three weeks after surgery, one animal in the PMMA group and one in the PMMA-C group died due to severe infection. The remaining animals recovered well, displaying no evidence of systemic complications during the follow-up period. Six animals in the PMMA and PMMA-C groups and 5 animals in the PMMA-G group presented clear local clinical signs of infection, whereas the animals in the PMMA-H group exhibited no signs of local infection.
The body temperatures of all animals increased gradually from day 1 to day 5. However, the body temperatures of the animals in the PMMA-H group were below those of the animals in the other groups (P Ͻ 0.05). From day 5 to day 42, the body temperatures of all animals decreased gradually and reached normal levels, with no significant differences between the groups (Fig. 1A) . The body weights in the PMMA-H group remained consistent and in- creased slightly during the follow-up period. However, the other three groups exhibited initial decreases in body weight, which increased gradually thereafter. From day 5 to day 42, the body weights in the PMMA group were below those in the PMMA-H group (P Ͻ 0.05) (Fig. 1B) . The WBC counts increased from day 1 to day 5. However, the PMMA-H and PMMA-G groups exhibited lower WBC counts than did the other groups (P Ͻ 0.05). The WBC counts of all animals decreased gradually from day 5 to day 42 and reached normal levels, with no significant differences between groups, at the time of sacrifice (Fig. 1C) .
Radiographic evaluation. Radiographic signs of osteomyelitis were observed in the animals of the PMMA, PMMA-G, and PMMA-C groups. Mild osteolysis was detectable after 3 weeks and became more obvious 6 weeks after surgery, with increases in osteolytic lesions, development of periosteal reactions, new bone formation, and sequestral bone formation (Fig. 2) . In animals with PMMA-H bone cement, radiographic signs of infection were nearly absent by day 21, but periosteal reactions were observed at day 42 (Fig. 2) .
Quantitative analysis of the X-ray photographs in Fig. 3 determined that the radiographic scores increased gradually after surgery for all four groups. However, the scores indicated no significant differences between the animals in the PMMA, PMMA-G, and PMMA-C groups (P Ͼ 0.05). The PMMA-H group had significantly lower mean scores than did the other groups (P Ͻ 0.05). At the time of sacrifice, the mean scores for the PMMA, PMMA-G, PMMA-C, and PMMA-H groups were 9.60 Ϯ 1.52, 8.17 Ϯ 1.94, 9.20 Ϯ 1.48, and 2.00 Ϯ 1.79, respectively.
Gross bone pathology. The PMMA, PMMA-G, and PMMA-C groups demonstrated clear clinical signs of purulent infections, whereas animals in the PMMA-H group appeared free of infection. Particular intramedullary pus formation, osteolytic lesions, periosteal reactions, and bone deformities were the most common clinical symptoms in the infected animals (Fig. 4A) . The mean gross bone pathological scores for the PMMA, PMMA-G, PMMA-C, and PMMA-H groups were 3.2 Ϯ 0.84, 2.83 Ϯ 0.41, 3.0 Ϯ 1.0, and 0.67 Ϯ 0.52, respectively (Fig. 4B) . No significant differences were noted among the PMMA, PMMA-G, and PMMA-C groups (P Ͼ 0.05). The mean scores for the PMMA-H group were significantly below those for the other groups (P Ͻ 0.05).
Microbiological analysis. The cultures obtained from the bone cements of the PMMA-H group had the lowest bacterial loads (1.0 ϫ 10 5 Ϯ 3.4 ϫ 10 4 CFU/cement) of the four groups (P Ͻ 0.01). The mean colony counts for the PMMA-G bone cements (2.2 ϫ 10 6 Ϯ 4.2 ϫ 10 5 CFU/cement) after TSB incubation were also significantly lower than those for the PMMA (3.4 ϫ 10 6 Ϯ 6.0 ϫ 10 5 CFU/cement) and PMMA-C (2.8 ϫ 10 6 Ϯ 1.5 ϫ 10 5 CFU/cement) cements (P Ͻ 0.05) (Fig. 5A) . The rollover cultures from all implants in the PMMA, PMMA-G, and PMMA-C groups revealed massive bacterial growth. In contrast, the implant cultures obtained from the PMMA-H group revealed few bacterial colonies (Fig. 5B) . CFU/g; P Ͻ 0.01), and PMMA-G (3.9 ϫ 10 4 Ϯ 2.1 ϫ 10 4 CFU/g; P Ͻ 0.05) groups. The PMMA-G group also demonstrated significantly lower bacterial loads than did the PMMA (P Ͻ 0.01) and PMMA-C (P Ͻ 0.05) groups.
Histopathological examination. The histopathological sections from the different groups are presented in Fig. 6 . Proximal tibial expansion was observed in the PMMA, PMMA-G, and PMMA-C groups, accompanied by bone destruction, bone discontinuity, medullary sequestrum formation, and fibrosis. A large number of acute or chronic inflammatory cells were observed, accompanied by the emergence of tissue necrosis in areas of bone destruction and intramedullary cavities (Fig. 6A to C) . However, the proximal tibial tissues of the PMMA-H group exhibited small quantities of inflammatory cell infiltration, bone structure destruction, and necrotic tissue (Fig. 6D) . These results suggest that the animals in the PMMA, PMMA-G, and PMMA-C groups showed different degrees of osteomyelitis, including the formation of IAI, ICI, PI, and BN.
The quantitative pathological scores are presented in Fig. 7 . In the PMMA and PMMA-C groups, mild-to-moderate or moderate-to-severe IAI accompanied by intramedullary abscesses was observed, resulting in histopathological scores between 3 and 4 (3.6 Ϯ 0.55 and 3.6 Ϯ 0.58 for the PMMA and PMMA-C groups, respectively). ICI with mild-to-moderate or moderate-to-severe chronic inflammation, with or without significant intramedullary fibrosis, was also observed, and the accompanying mean pathological scores for the PMMA and PMMA-C groups were 2.6 Ϯ 0.58 (range, 2 to 3) and 3.3 Ϯ 0.84 (range, 2 to 4), respectively. The mean PI scores (mild-to-moderate or moderate-to-severe chronic inflammation, with or without subperiosteal abscess formation) were 2.4 Ϯ 0.55 (range, 2 to 3) for the PMMA group and 2.8 Ϯ 0.84 (range, 2 to 4) for the PMMA-C group. The BN scores (single
FIG 6
Representative photomicrographs of longitudinal sections from proximal tibiae, with hematoxylin and eosin staining. Column A, overview of signs of osteomyelitis in the proximal metaphysis. Magnification, ϫ0. Column B, moderate-to-severe inflammation with massive enlargement and destruction of bone tissue (black arrows) and fibrosis (white arrows) in the PMMA, PMMA-G, and PMMA-C groups and mild inflammation in the PMMA-H group. Magnification, ϫ40. Column C, moderate-to-severe inflammation with intramedullary abscesses and acute or chronic inflammatory cells (white arrowheads) around necrotic bony trabeculae (black arrowheads) in the PMMA, PMMA-G, and PMMA-C groups and mild inflammation in the PMMA-H group. Magnification, ϫ200.
FIG 7
Histological scores for each parameter in each group. The histological intraosseous acute inflammation (IAI), intraosseous chronic inflammation (ICI), periosteal inflammation (PI), and bone necrosis (BN) scores and total scores for the PMMA-H group were significantly lower than those observed in the PMMA, PMMA-G, and PMMA-C groups. *, P Ͻ 0.05. or multiple foci of necrosis, with or without sequestrum formation) were 2.8 Ϯ 0.84 and 3.0 Ϯ 0.71 for the PMMA and PMMA-C groups, respectively, and ranged from 2 to 4. In the PMMA-G group, the IAI, ICA, PI, and BN pathological scores were 3.5 Ϯ 0.58 (range, 3 to 4), 3.25 Ϯ 0.96 (range, 2 to 4), 2.5 Ϯ 0.58 (range, 2 to 3), and 3.0 Ϯ 0.82 (range, 2 to 4), respectively.
In the PMMA-H group, the mean IAI score (mild or moderate inflammation without intramedullary abscess formation) was 1.5 Ϯ 0.55 (range, 1 to 2), while the ICI score (mild-to-moderate chronic inflammation with no significant intramedullary fibrosis) was 1.5 Ϯ 0.54 (range, 1 to 2). The PI score (mild-to-moderate chronic inflammation without subperiosteal abscess formation) was 1.0 Ϯ 0.63 (range, 0 to 2), and the BN score (no or single focus of necrosis with no sequestrum formation) was 0.83 Ϯ 0.41 (range, 0 to 1). The mean IAI, ICI, PI, and BN histological scores and the total score are presented in Fig. 7 . The mean parameters for the PMMA-H group were significantly lower than those for the PMMA, PMMA-G, and PMMA-G groups (P Ͻ 0.05).
DISCUSSION
Local use of antibiotic-loaded PMMA bone cement has been the established procedure for treatment of infections of severe open tibial fractures (1, 3) . Gentamicin is among the most common antibiotics incorporated into acrylic bone cement, due to its wide antibacterial spectrum and its stability at the high polymerization temperatures required for curing PMMA (8-10, 13, 30) . For multidrug-resistant bacteria, however, particularly gentamicin-resistant bacteria, gentamicin-loaded PMMA has proven inadequate for treating or preventing infections. As reported in our previous work, HACC with 26% DS in PMMA bone cements exhibited predictable release kinetics and antibacterial activity for staphylococci (19, 20) . In the present study, we further demonstrate the effectiveness of HACC-loaded PMMA in treating bacterial infections in the tibial metaphysis in an animal model.
One well-known cause of postoperative infections of open tibial fractures is severe bacterial pollution at the time of injury. Therefore, we mimicked the operative procedure; MRSE 287 was injected into the prepared proximal tibial metaphyseal cavity of the rabbit and then the PMMA-based bone cement was inserted. Bone infection was verified using X-ray images obtained during the observation period. The validity of this infection model was confirmed because the bone changes were similar to those observed in clinical cases and reported in another study (23) .
We compared the effectiveness of PMMA-H in the treatment of infections in the rabbit tibial metaphysis with that of PMMA, PMMA-G, and PMMA-C bone cements by using physical examination, radiographic evaluation, microbiological analysis, and histopathological examination. As evidenced in the in vivo experiment, the body temperatures, body weights, and WBC counts of the PMMA-H group did not fluctuate, compared with those of the other groups. Radiographic analysis did not reveal obvious characteristics of bone infections, including bone lysis, cyst formation, and sequestral bone formation, in the PMMA-H group. Significantly lower radiological, gross bone pathological, and histopathological scores were observed in the PMMA-H group, compared with the PMMA, PMMA-G, and PMMA-C groups. These results further demonstrate that PMMA-H bone cement can inhibit the development of bone infections.
The infections caused by MRSE 287 in the PMMA-G and PMMA-C groups were not inhibited, because MRSE 287 is a gentamicin-resistant bacterial strain with an MIC of 256 g/ml (20) . The antibacterial activity of chitosan is also reportedly limited, due to its poor water solubility from PMMA-C cements above pH 6.5 (18) . Furthermore, a high-molecular-weight chitosan (molecular weight, 2.0 ϫ 10 5 ) was used in the present study, and a previous study conducted in this laboratory demonstrated that this type of chitosan has no antibacterial activity (18) . In contrast, infections were obviously inhibited in the PMMA-H group. In agreement with our previous study (20) , 26% HACC, which is a quaternary ammonium chitosan, exhibited better water solubility and stronger antibacterial activity than chitosan. Our in vitro study demonstrated that 26% HACC-loaded PMMA effectively inhibited bacterial biofilm formation due to its dissolution from the cement surface (20) . In the present animal study, the PMMA-H bone cement treated local infections by either inhibiting bacterial adhesion to the bone cement surface or inhibiting the growth of bacteria in the surrounding tissue via HACC dissolution from the cement surface.
In addition, microbiological cultures obtained from the PMMA, PMMA-G, and PMMA-C bone cements exhibited massive growth of MRSA 287 on the implant surface or in the bone tissue. However, although the bacterial colonies formed in the PMMA-H group were significantly smaller than those in the other groups, the bacteria were not completely eradicated, which may be related to the high doses of bacteria (10 7 CFU) inoculated in the metaphyseal cavity of the tibia in this animal model; clinical numbers of contaminating bacteria in the debridement site of the open tibial fractures are much lower. Thus, the local elution of 26% HACC from PMMA-H bone cement may provide protection against bacterial attack and kill the bacteria at the surgical site. In conclusion, the in vivo rabbit model with infection in the right tibial metaphysis reported here demonstrated that, compared with PMMA, PMMA-G, and PMMA-C, the HACC-loaded PMMA bone cements significantly inhibited MRSE infections, thereby demonstrating the potential use of PMMA-H as beads, blocks, or temporary spacers for the treatment of local infections in severe open tibial fractures.
